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CLAIMS: 



1. 



A fuel cell power system comprising: 



at plurality of fuel cells electrically coupled with plural terminals 
and individually configured to convert chemical energy into electricity; 
and \ 

a digital control system configured to at least one of control and 
monitor an operation of the fuel cells. 

v 2. The fuel\cell power system according to claim 1 wherein the 
control system is configured to control the operation. 



3. The fuel cell po^w^r system according to claim 1 wherein the 
control system is configured \o monitor the operation. 

4. The fuel cell power system according to claim 1 wherein the 
fuel cells are coupled in series. \ 

5. The fuel cell power system according to claim 1 wherein the 
control system comprises a plurality of distributed controllers. 

6. The fuel cell power system according, to claim 5 wherein the 
distributed controllers are configured in a mastenslave relationship. 



WA23-OiyP01 A2-990528II28N 52 PAT-US\AP-00 




7. The fuel cell power system according to claim 1 wherein the 
fuel\cells comprise polymer electrolyte membrane fuel cells. 



8. \ The fuel cell power system according to claim 1 wherein the 
fuel cells\are configured to be individually selectively deactivated and 
remaining o\ies of the fuel cells are configured to provide electricity to 
the terminals \with others of the fuel cells deactivated. 

9. The ft^el cell power system according to claim 8 wherein the 
fuel cells are individually configured to be physically removable. 

10. The fuel cell\power system according to claim 8 wherein the 
fuel cells are individually configured to be electrically bypassed. 

11. The fuel cell powesr system according to claim 1 further 
comprising a plurality of switchingNdevices configured to selectively shunt 
respective fuel cells. \ 

12. The fuel cell power system ^according to claim 11 wherein 
the control system is configured to monitor at least one electrical 
characteristic of the fuel cells and to control the switching devices 
responsive to the monitoring. \ 
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X 13. The fuel cell power system according to claim 1 further 
comprising: 

\ housing about the fuel cells; 
a temperature sensor within the housing; and 

an a^r temperature control assembly configured to at least one of 
increase anoy decrease the temperature in the housing. 

14. The\fuel cell power system according to claim 13 wherein 
the control system is configured to monitor temperature using the 
temperature sensor aiid to control the air temperature control assembly 
responsive to the momtoring to maintain the temperature within the 
housing within a predefined range. 

15. The fuel cell poWr system according to claim 13 wherein 
the control system is configured to monitor temperature using the 
temperature sensor and to control the air temperature control assembly 
responsive to the monitoring to maintain the temperature within the 
housing within a predefined rangey of approximately 25 °Celsius 
to 80 °Celsius. \ 

16. The fuel cell power system according to claim 1 further 
comprising a fan configured to direct air tb the fuel cells, and the 
control system is configured to control the fam 
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\ 17 - The fuel cell power system according to claim 1 further 

\ 

comprising a plurality of valves configured to supply fuel to respective 

\ 

fuel cqlls, and the control system is configured to control the valves. 

18. \ The fuel cell power system according to claim 1 further 
comprising\a main valve configured to supply fuel to the fuel cells, and 
the control system is configured to control the main valve. 

19. The fuel cell power system according to claim 1 further 
comprising a comrrtunication port adapted to couple with a remote 
device, and the control system is configured to communicate with the 
remote device via the coSmmunication port. 

20. The fuel cell po^r system according to claim 19 wherein 
the shut down operation deactivates one or more of the fuel cells. 

21. The fuel cell power system according to claim 19 wherein 
the shut down operation deactivates all the fuel cells. 

22. The fuel cell power system Wording to claim 1 further 
comprising a switching device intermediate oVe of the terminals and the 
fuel cells, and the control system is configureckto control the switching 
device. \ 
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23. The fuel cell power system according to claim 1 further 
comprising: 

a housing about the fuel cells; and 

a fuel sensor configured to monitor for the presence of fuel 
within the housing, and the control system is coupled with the fuel 
sensor and configured to implement a shut down operation responsive 
to a detection of fuel within the housing. 

24. The fue\ cell power system according to claim 1 wherein the 
fuel cells are provided in a plurality of cartridges. 

25. A fuel cell power system comprising: 
a housing; \ 

a plurality of terminals^; 

a plurality of fuel cells \tathin the housing and electrically coupled 
with the terminals and configured to convert chemical energy into 
electricity; \ 

a plurality of valves adapted \o couple with a fuel source and 
configured to selectively supply fuel ta respective fuel cells; and 

a control system configured to coWol the plurality of valves. 

26. The fuel cell power system according to claim 25 wherein 
the control system comprises a plurality of distributed controllers. 
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27. The fuel cell power system according to claim 25 wherein 
the fuel\ells comprise polymer electrolyte membrane fuel cells. 



28. Tlve fuel cell power system according to claim 25 wherein 
the fuel cells afte configured to be individually selectively deactivated 
and remaining one\ of the fuel cells are configured to provide electricity 
to the terminals with at/hers of the fuel cells deactivated. 



29. The fuel cel\ power system according to claim 28 wherein 
the fuel cells are individually configured to be physically removable. 

30. The fuel cell powefy system according to claim 28 wherein 
the fuel cells are individually coirfigured to be electrically bypassed. 

31. The fuel cell power system according to claim 25 wherein 
the control system is configured to monitor at least one electrical 
characteristic of the fuel cells and to \:ontrol the respective valves 
responsive to the monitoring. \ 
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32. Xxfuel cell power system comprising: 
a housing; 

a plurality of te'^minals; 

at least one fuel cell within the housing and electrically coupled 
with the terminals and confi^ired to convert chemical energy into 
electricity; 

a bleed valve configured to selectively purge matter from the at 
least one fuel cell; and 

a control system configured to control s^ective positioning of the 
bleed valve. 



33. The fuel cell power system according to claim 32 wherein 
the control system comprises a plurality of distributed controllers. 

34. The fuel cell power system according to claim 32 wherein 
the at least one fuel cell comprises a plurality of polymer electrolyte 
membrane fuel cells. 

35. The fuel cell power system according to claim 32 wherein 
the at least one fuel cell comprises a plurality of fuel cells. 
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36. The fuel cell power system according to claim 35 wherein 
the fuel cells are configured to be individually selectively deactivated 
and remaining ones of the fuel cells are configured to provide electricity 
to the terminals with others of the fuel cells deactivated. 

37. The fuel cell power system according to claim 32 wherein 
the control system is configured to periodically open the bleed valve. 

38. The fuel cell power system according to claim 32 further 
comprising a connection arranged to provide drainage from an anode 
side of the at least one fuel cell to the bleed valve. 



V 39. A fuel cell power system comprising: 
a\housing; 

a plurality of terminals; 

at least \>ne fuel cell within the housing and electrically coupled 
with the terminals and configured to convert chemical energy into 
electricity; \ 

a fan within the fusing and configured to direct air to the at 
least one fuel cell; and N/* 

a control system configured to control an operation of the fan. 

40. The fuel cell power system according to claim 39 wherein 
the control system comprises a pluralityW distributed controllers. 
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41. The fuel cell power system according to claim 39 wherein 

\ 

the at least one fuel cell comprises a plurality of polymer electrolyte 
membrane fuel cells. 



42. \The fuel cell power system according to claim 39 wherein 
the at least We fuel cell comprises a plurality of fuel cells. 



43. The niel cell power system according to claim 42 wherein 
the fuel cells are Vonfigured to be individually selectively deactivated 
and remaining ones ot the fuel cells are configured to provide electricity 
to the terminals with others of the fuel cells deactivated. 

44. The fuel cell Xower system according to claim 39 further 
comprising at least one sensW configured to at least one of monitor 
current supplied to a load coupled with the terminals and monitor 
voltage of the at least one ftfel cell, and the control system is 
configured to control a rate of aiAflow of the fan responsive to the 
monitoring. \ 

45. The fuel cell power system according to claim 39 wherein 
the at least one fuel cell includes a cathodk side and the fan and the 
housing are configured to direct air into the\ cathode side of the at 
least one fuel cell. \ 





WA23-01S.P03 A2-9905281I28N 



60 



PAT-US\AP-00 



4s6. The fuel cell power system according to claim 39 further 
comprising a plenum within the housing and configured to direct air 
from the fkn to the at least one fuel cell. 

47. Thev fuel cell power system according to claim 46 wherein 
the plenum is configured to direct air to a cathode side of the at least 
one fuel cell. 



48. The fuel cellk power system according to claim 39 further 
comprising an air flow device configured to operate responsive to 
control from the control system to permit selective passage of air at 
least one of into and out of tap housing. 

49. The fuel cell power sys\em according to claim 39 further 
comprising monitoring circuitry configured to monitor an air flow rate 
of the fan and output a signal indicative of the air flow rate to the 
control system. 



50. The fuel cell power system according to claim 49 wherein 
the control system is configured to control an afr flow rate of the fan. 
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51. A fufcl cell power system comprising: 

a housing; \ 

a plurality of terminals; 

\ 

at least one fuel cell within the housing and electrically coupled 
with the terminals and configured to convert chemical energy into 
electricity; \ 

a control system configured\to at least one of control and monitor 
an operation of the at least one fuel cell; and 

an operator interface coupled with the control system to indicate 
at least one operational status responsive to control from the control 
system. \ 



52. The fuel cell power system according to claim 51 wherein 
the control system comprises a plurality of distributed controllers. 

53. The fuel cell power system according to claim 51 wherein 
the at least one fuel cell comprises a plurality of polymer electrolyte- 
membrane fuel cells. 

54. The fuel cell power system according to claim 51 wherein 
the at least one fuel cell comprises a plurality of fiiel cells. 



WA23-015.PQ3 A 2 '990528 1 1 28S 



62 



PAT-US\AP>00 



55. The fuel cell power system according to claim 54 wherein 
the fuel cells are configured to be individually selectively deactivated 
and remaining ones of the fuel cells are configured to provide electricity 
to the terminals with others of the fuel cells deactivated. 

56. The fuel cell power system according to claim 51 wherein 
the operator interface is positioned for observation from the exterior of 
the housing. 



10 
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57. The fuel cell power system according to claim 51 wherein 
the operator interface comprises a display configured to emit a human 
perceptible signal. 

58. The fuel cell power system according to claim 51 wherein 
the operator interface comprises interface switches configured to receive 
operator inputs. 



59. A fuel cetl power system comprising: 
a plurality of terminals; 

at least one fuel celkelectrically coupled with the terminals and 
configured to convert chemical\energy into electricity; 

a power supply configured to selectively supply electricity; and 
a control system configured to\pionitor at least one operational 
condition of the power supply. 
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60. The fuel cell power system according to claim 59 wherein 
the control system comprises a plurality of distributed controllers. 

61. The fuel cell power system according to claim 59 wherein 
the at least one fuel cell comprises a plurality of polymer electrolyte 
membrane fuel cells. 

62. The fuel cell power system according to claim 59 wherein 
the at least one fuel cell comprises a plurality of fuel cells. 

63. The fuel cell power system according to claim 62 wherein 
the fuel cells are configured to be individually selectively deactivated 
and remaining ones of the fuel cells are configured to provide electricity 
to the terminals with others of the fuel cells deactivated. 

64. The fuel cell power system according to claim 59 wherein 
the power supply supplies electricity to the control system. 

65. The fuel cell power system according to claim 59 wherein 
the power supply includes a battery. 

66. The fuel cell' power system according to claim 65 further 
comprising charge circuitry configured to selectively charge the battery 
responsive to control from the control system. 
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67. The fuel cell power system according to claim 59 further 
comprising an operator interface and the control system is configured 
to control the operator interface to indicate the at least one operational 
condition. 

68. A fuel cell power system comprising: 
a plurality of terminals; 

at least one fuel cell electrically coupled with the terminals and 
configured to convert chemical energy into electricity; 

a sensor configured to monitor at least one electrical condition of 
the at least one fuel cell; and 

a control system coupled with the sensor and configured to 
monitor the sensor. 

69. The fuel cell power system according to claim 68 wherein 
the control system comprises a plurality of distributed controllers. 

70. The fuel cell power system according to claim 68 wherein 
the at least one fuel cell comprises a plurality of polymer electrolyte 
membrane fuel cells. 

71. The fuel cell power system according to claim 68 wherein 
the at least one fuel cell comprises a plurality of fuel cells. 
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72. The fuel cell power system according to claim 71 wherein 
the fuel cells are configured to be individually selectively deactivated 
and remaining ones of the fuel cells are configured to provide electricity 
to the terminals with others of the fuel cells deactivated. 

73. The fuel cell power system according to claim 68 further 
comprising an operator interface and the control system is configured 
to control the operator interface to indicate the at least one electrical 
condition. 

74. The fuel cell power system according to claim 68 further 
comprising a fan configured to direct air to the at least one fuel cell 
and the control system is configured to control the fan responsive to 
the at least one electrical condition. 

75. A fuel cell power system comprising: 
a plurality of terminals; 

a plurality of fuel cells electrically coupled with the terminals and 
configured to convert chemical energy into electricity; 

a main valve adapted to couple with a fuel source and configured 
to selectively supply fuel to the fuel cells; and 

a control system configured to control the main valve. 
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76. The fuel cell power system according to claim 75 wherein 
the control system comprises a plurality of distributed controllers. 

77. The fuel cell power system according to claim 75 wherein 
the fuel cells comprise polymer electrolyte membrane fuel cells. 

78. The fuel cell power system according to claim 75 wherein 
the fuel cells are configured to be individually selectively deactivated 
and remaining ones of the fuel cells are configured to provide electricity 
to the terminals with others of the fuel cells deactivated. 

79. The fuel cell power system according to claim 75 further 
comprising a plurality of auxiliary valves configured to selectively supply 
fuel to respective fuel cells. 
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x 80. A fuel cell power system comprising: 
ay housing; 

a plurality of terminals; 

at lea^st one fuel cell within the housing and electrically coupled 
with the terrkinals and configured to convert chemical energy into 
electricity; \ 

an air temperature control assembly configured to direct air within 
the housing to the m least one fuel cell and comprising a modifying 
element configured to condition the temperature of the air; and 

a control system configured to control the modifying element. 

81. The fuel cell power system according to claim 80 wherein 
the control system comprises a plurality of distributed controllers. 

82. The fuel cell power system according to claim 80 wherein 
the at least one fuel cell comprises a\plurality of polymer electrolyte 
membrane fuel cells. \ 

83. The fuel cell power system according to claim 80 wherein 
the at least one fuel cell comprises a plurality of fuel cells. 
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84. The fuel cell power system according to claim 83 wherein 

A 

the fuel cells are configured to be individually selectively deactivated 
and remaining ones of the fuel cells are configured to provide electricity 
to the terminals with others of the fuel cells deactivated. 

85. The fuel cell power system according to claim 80 further 
comprising a temperature sensor configured to monitor the temperature 
of the directed \air within the housing. 

\ Ia 

86. The fuel c^ffl power system according to claim 85 wherein 
the control system i\ configured to monitor the temperature of the 
directed air from the temperature sensor and to control the modifying 
element responsive to thet monitoring of the temperature. 

87. The fuel cell power system according to claim 80 wherein 
the modifying element comprises a heater. 
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88^ A fuel cell power system comprising: 
a housing; 

a plurality of terminals; 

at least one fuel cell within the housing and electrically coupled 
with the terminals and configured to convert chemical energy into 
electricity; \ 

a fuel delivery system configured to supply fuel to the at least 

one fuel cell; \ 

a fuel sensor positioned within the housing; and 

a control system configured to monitor a detection of fuel within 

the housing using ttt el detection sensor. 

89. The fuel cell power system according to claim 88 wherein 
the control system comprises a plurality of distributed controllers. 

90. The fuel cell Aower system according to claim 88 wherein 
the at least one fuel cell comprises a plurality of polymer electrolytfe 
membrane fuel cells. \ 

91. The fuel cell power system according to claim 88 wherein 
the at least one fuel cell comprises a plurality of fuel cells. 
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92. The fuel cell power system according to claim 91 wherein 
the fuel, cells are configured to be individually selectively deactivated 
and remaining ones of the fuel cells are configured to provide electricity 
to the terminals with others of the fuel cells deactivated. 

93. The fuel cell power system according to claim 88 further 
comprising an operator interface and the control system is configured 
to control the operator interface to indicate a detection of fuel. 

94. The fuel cell power system according to claim 88 wherein 
the fuel sensor comprises a hydrogen gas sensor. 

95. The fuel cell power system according to claim 88 wherein 
the at least one fuel cell comprises a plurality of fuel cells, and the 
fuel delivery system comprises a plurality of valves configured supply 
fuel to respective ones of the fuel cells. 

96. The fuel cell power system according to claim 95 wherein 
the control system is configured to selectively close the valves responsive 
to a detection of fuel using the fuel sensor. 

97. The fuel cell power system according to claim 88 further 
comprising a heater configured to selectively impart heat flux to the 
fuel sensor. 
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98.\^A fuel cell power system comprising: 
a housing; 

a plurality of terminals; 

at least\ne fuel cell within the housing and electrically coupled 
with the termii^tls and configured to convert chemical energy into 
electricity; 

a temperaturA sensor within the housing; and 
a control system coupled with the temperature sensor and 
configured to monitor the temperature in the housing using the 



temperature sensor. 



99. The fuel cell power system according to claim 98 wherein 
the control system compriseis a plurality of distributed controllers. 

100. The fuel cell poweV system according to claim 98 wherein 
the at least one fuel cell comp\ises a plurality of polymer electrolyte 
membrane fuel cells. 



101. The fuel cell power systdm according to claim 98 wherein 
the at least one fuel cell comprises a\plurality of fuel cells. 
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102. The fuel cell power system according to claim 101 wherein 
the fuel c.ells are configured to be individually selectively deactivated 
and remaining ones of the fuel cells are configured to provide electricity 
to the terminals with others of the fuel cells deactivated. 

103. The fuel cell power system according to claim 98 further 
comprising an air temperature control assembly configured to at least 
one of increase and decrease the temperature in the housing. 

104. The fuel j^ll power system according to claim 103 wherein 
the control system is\configured to control the air temperature control 
assembly. \ 

105. The fuel celApower system according to claim 103 wherein 
the control system is configured to control the air temperature control 
assembly to maintain the temperature in the housing within a predefined 
range. \ 

106. The fuel cell power\system according to claim 103 wherein 
the control system is configured vo control the air temperature control 
assembly to maintain the temperatuVe in the housing within a predefined 
range of approximately 25 °Celsius to 80 °Celsius. 
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k>7. The fuel cell power system according to claim 103 wherein 

the air \emperature control assembly comprises: 

a fan configured to circulate air within the housing; and 

an airy flow device configured to permit selective passage of air 

at least one of into and out of the housing. 

108. The \fuel cell power system according to claim 107 wherein 
the control system is configured to control the fan and the air flow 
device. \ 

v 

109. The fuel tell power system according to claim 98 further 
comprising a temperature sensor configured to monitor a temperature 
exterior of the housing. \ 

110. A fuel cell powfer system comprising: 
a plurality of terminals^ 

at least one fuel cell within the housing and electrically coupled 
with the terminals and configirred to convert chemical energy into 
electricity; \ 

at least one switching device \configured to selectively shunt the 
at least one fuel cell; and \ 

a control system configured to control the at least one switching 
device. \ 
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111. The fuel cell power system according to claim 110 wherein 



the Control system comprises a plurality of distributed controllers. 



112^ The fuel cell power system according to claim 110 wherein 
the at leas^ one fuel cell comprises a plurality of polymer electrolyte 
membrane fue^ cells. 

- \ 

113. The rael cell power system according to claim 110 wherein 
the at least one fue^l cell comprises a plurality of fuel cells. 

114. The fuel cell power system according to claim 113 wherein 
the fuel cells are configured to be individually selectively deactivated 
and remaining ones of the fu^l cells are configured to provide electricity 
to the terminals with others df the fuel cells deactivated. 

115. The fuel cell power system according to claim 110 wherein 
the control system is configured to 9{iunt the at least one fuel cell for 
a variable period of time, 



116. The fuel cell power system according to claim 110 wherein 
the at least one fuel cell comprises plural Vuel cells and the at least 
one switching device comprises plural switching devices. 
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^ 117. The fuel cell power system according to claim 116 wherein 
the control system is configured to sequentially shunt the fuel cells using 

the respective switching devices. 

\ 

\ 

118. Th? fuel cell power system according to claim 116 wherein 

\ 

\ 

the control system is configured to shunt individual ones of the fuel 
cells using the respective switching devices. 

119. The fuel\cell power system according to claim 116 wherein 
the control system is configured to shunt the individual ones of the fuel 
cells according to a specified order. 

120. The fuel cell power system according to claim 116 further 
comprising a plurality of Valves individually configured to selectively 
supply fuel to respective fuelV cells, and wherein the control system is 
configured to control the valves. 

121. The fuel cell power system according to claim 120 wherein 
the control system is configured to Vease supply of fuel to shunted fuel 
cells using respective ones of the vawes. 

122. The fuel cell power system according to claim 116 wherein 
the switching devices comprise MOSFET switching devices. 
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^ 123. A fuel cell power system comprising: 
,a housing; 

a plurality of terminals; 

aty least one fuel cell within the housing and electrically coupled 
with the\ terminals and configured to convert chemical energy into 
electricityA 

a switching device coupled intermediate the at least one fuel cell 
and one of tne terminals; and 

a control\system coupled with the switching device and configured 
to control the switching device to selectively couple the terminal with 
the at least one rael cell. 

124. The fuel cell power system according to claim 123 wherein 
the control system comprises a plurality of distributed controllers. 

125. The fuel cell pWer system according to claim 123 wherein 
the at least one fuel cell comprises a plurality of polymer electrolyte 
membrane fuel cells. \ 

126. The fuel cell power system according to claim 123 wherein 
the at least one fuel cell comprises a plurality of fuel cells. 
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127. The fuel cell power system according to claim 126 wherein 
tlife fuel cells are configured to be individually selectively deactivated 
and \remaining ones of the fuel cells are configured to provide electricity 
to thh terminals with others of the fuel cells deactivated. 

128\ The fuel cell power system according to claim 123 wherein 
the switching device comprises at least one MOSFET switching device. 

129. Thfe fuel cell power system according to claim 123 further 
comprising a temperature sensor positioned within the housing, arid the 
control system is \configured to monitor the temperature within the 
housing and to couple the terminal with the at least one fuel cell using 
the switching device Vesponsive to the temperature being within a 
predefined range. \]F 

130. A method of controlling a fuel cell power system comprising: 
providing a plurality of mel cells individually configured to convert- 
chemical energy into electricity;* 

electrically coupling the phkality of fuel cells; 
providing a first terminal coupled with the fuel cells; 
providing a second terminal coupled with the fuel cells; and 
coupling a digital control system with the fuel cells to at least 
one of monitor and control an operation of the fuel cells. 
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131. The method according . to claim .130 further comprising 
monitoring the operation of the fuel cells. 



132\ The method according to claim 130 further comprising 



133. The\ method according to claim 130 wherein the coupling the 
control system coVprises coupling a plurality of distributed controllers. 

134. The method according to claim 130 wherein the providing 
the fuel cells comprises providing polymer electrolyte membrane fuel 
cells. 

135. The method according to claim 134 further comprising 
deactivating at least one of the fuel cells. 

136. The method according to claim 135 wherein the deactivating 
comprises physically removing. \ 

137. The method according to Maim 135 wherein the deactivating 
comprises electrically bypassing. \ 
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controlling Ihe operation of the fuel cells. 



138. The method according to claim 135 further comprising 
providing electricity to a load coupled with the terminals with the at 

least one v fuel cell deactivated. 

\ 

\ 

139. VThe method according to claim 130 further comprising 
selectively shunting at least one of the fuel cells. 

140. The method according to claim 130 further comprising: 
monitoring a\ least one electrical characteristic of the fuel cells; 

and \ 

shunting at least one of the fuel cells responsive to the 
monitoring. 

141. The method Recording to claim 130 further comprising 
maintaining an air temperature about the fuel cells in a predefined 
range. \ 

142. The method according to claim 130 further comprising 
maintaining an air temperature about the fuel cells in a predefined 
range of approximately 25 °Celsius to\80 °Celsius. 

143. The method according to claim 130 further comprising 
directing air to the fuel cells using a fan. \ 
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: 144. The method according to claim 143 further comprising: 
monitoring a load coupled with the terminals; and 
controlling the fan responsive to the monitoring using the control 
system. \ 

145. The\method according to claim 130 further comprising: 
supplying fuel to the fuel cells using a plurality of auxiliary 

valves; and \ 

controlling the auxiliary valves using the control system. 

146. The method \according to claim 145 further comprising: 
supplying fuel to thet auxiliary valves using a main valve; and 
controlling the main ralve using the control system. 

147. The method according to claim 130 further comprising: 
communicating with a remote device using a communication port; 

and \ 

controlling the communicating using the control system. 

148. The method according to claim 130 further comprising: 
switching a connection intermediate one of the terminals and the 

fuel cells; and \ 

controlling the switching using the control system. 
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149. The method according to claim 130 further comprising: 

monitoring for the presence of fuel within a housing about the 

\ 

fuel cells; and 

implementing a shut down operation responsive to the monitoring 

\ 

\ 

using the confc^ol^ system. 

150. The \ method according to claim 149 wherein the 
implementing deactivates one or more of the fuel cells. 

151. The method according to claim 149 wherein the 
implementing deactivates^ all of the fuel cells. 

152. A method of controlling a fuel cell power system comprising: 
providing at least one Vuel cell configured to convert chemical 

energy into electricity; \ 

providing a first terminal coupled with the at least one fuel cell; 

providing a second terminal Voupled with the at least one fuel 
cell; \ 

supplying fuel to the at least on& fuel cell; and 

controlling the supplying using a control system. 

153. The method according to claim r52 wherein the controlling 
comprises controlling using the control system Comprising a plurality of 
distributed controllers. ^ 
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154. The method according to claim 152 wherein the providing 
the at least one fuel cell comprises providing the at least one fuel cell 
having a plurality of polymer electrolyte membrane fuel cells. 

155. The\hethod according to claim 152 wherein the providing 
the at least one fu\l cell comprises providing a plurality of fuel cells. 

156. The method according to claim 155 further comprising 
deactivating at least one\ of the fuel cells. 

157. The method according to claim 156 further comprising 
providing electricity to a load\coupled with the terminals with the at 
least one fuel cell deactivated. 

158. The method according \to claim 152 further comprising 
monitoring at least one electrical characteristic of the at least one fuel 
cell, and the controlling is responsive to\ the monitoring. 
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159\ A method of controlling a fuel cell power system comprising: 
providing at least one fuel cell configured to convert chemical 

energy into electricity; 

providing a\ first terminal coupled with the at least one fuel cell; 
providing a\econd terminal coupled with the at least one fuel 

cell; 

selectively exhau\ting a connection coupled with the at least one 

fuel cell; and 

controlling the exhausting using a control system. 



160. The method acceding to claim 159 wherein the controlling 
comprises controlling using the\control system comprising a plurality of 
distributed controllers. 

161. The method according \o claim 159 wherein the providing 
the at least one fuel cell comprises Lviding the at least one fuel cell 
having a plurality of polymer electrolyse membrane fuel cells. 

162. The method according to clak 159 wherein the providing 
the at least one fuel cell comprises providmV a plurality of fuel cells. 

163. The method according to claim \62 further comprising 
deactivating at least one of the fuel cells. 
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164. The method according to claim . 163 further comprising 
providing electricity to a load coupled with the terminals with the at 
least one fuel cell deactivated. 

165. The method according to claim 159 wherein the selectively 
exhausting comprises periodically exhausting responsive to control of the 
control system. \ 

166. The method according to claim 159 wherein the exhausting 
comprises exhausting using a bleed valve. 

\ 

167. The method according to claim 159 wherein the exhausting 
comprises exhausting from an anode of the at least one fuel cell. 

168. A method of controlling a fuel cell power system comprising: 
providing at least one fuel\cell configured to convert chemical 

energy into electricity; \ 

providing a first terminal couplkd with the at least one fuel cell; 

providing a second terminal coupled with the at least one fuel 
cell; \ 

directing air to the at least one fue\ cell; and 

controlling the directing using a control system. 



WA23-015.P03 A2~990528I128N 



85 



PAT-US\AP-00 



169. The method according to claim 168 wherein the controlling 
comprises controlling using the control system comprising a plurality of 
distributed controllers. 

\ 

\ 

\ 

170. The method according to claim 168 wherein the providing 
the at least on^fuel cell comprises providing the at least one fuel cell 
having a pluralit^^of polymer electrolyte membrane fuel cells. 

171. The metnod according to claim 168 wherein the providing 
the at least one fuel cell comprises providing a plurality of fuel cells. 

172. The method According to claim 171 further comprising 
deactivating at least one of \the fuel cells. 

173. The method according to claim 172 further comprising 
providing electricity to a load coupled with the terminals with the at 
least one fuel cell deactivated. 

174. The method according to\ claim 168 further comprising 
providing electricity to a load coupled \ with the terminals, and the 
controlling is responsive to the monitoring. 
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175. The method according .to claim .168 further comprising 

monitoring at least one of voltage of the at least one fuel cell and 

current passing through the at least one fuel cell, and the controlling 
is responsive\to the monitoring. 



176. The Wthod according to claim 168 wherein the directing 
comprises directing air into a cathode side of the at least on fuel cell. 

177. The methbd according to claim 176 wherein the directing 
comprises directing usin\ a fan, and the controlling comprises controlling 
an air flow rate of the fan. 



178. The method according to claim 168 further comprising 
introducing exterior air into a Wising about the at least one fuel cell. 

179. The method according to claim 168 further comprising 
monitoring the temperature of the air. 



180. The method according to Vlaim 179 further comprising 
controlling a modifying element using the Wrol system to control the 
temperature of the air responsive to the monitoring. 
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181. A method of controlling <i fuel cell power system comprising: 
providing at least one fuel cell configured to convert chemical 

energy into electricity; 

providing a first terminal coupled with the at least one fuel cell; 

V 

providing a second terminal coupled with the at least one fuel 

cell; \ 

indicating at least one operational status of the fuel cell power 
system using an operator interface; and 

controlling tMe indicating using a control system. 

182. The metWod according to claim 181 wherein the controlling 
comprises controlling using the control system comprising a plurality of 
distributed controllers, 

183. The method according to claim 181 wherein the providing 
the at least one fuel cell comprises providing the at least one fuel cell 
having a plurality of polymer electrolyte membrane fuel cells. 

184. The method according to claim 181 wherein the providing 
the at least one fuel cell comprises\ providing a plurality of fuel cells. 

185. The method according to claim 184 further comprising 
deactivating at least one of the fuel ceJls. 
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186. The method according to claim 185 further comprising 
providing electricity to a load coupled with the terminals with the at 
least one fyel cell deactivated. 

\ 

\ 

187. Thfe method according to claim 181 wherein the indicating 
comprises emitting a human perceptible signal. 

188. The method according to claim 181 wherein the indicating 
comprises indicating using a display. 

V 

189. The method\ according to claim 181 further comprising 
forwarding the at least on\ operational status to a remote device. 

190. The method according to claim 181 further comprising 
receiving operator inputs using tire operator interface. 
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191. A method of controlling a fuel cell power system comprising: 
providing at least one fuel cell configured to convert chemical 
energy into ^electricity; 

providing a first terminal coupled with the at least one fuel cell; 

\ 

providing\a second terminal coupled with the at least one fuel 

cell; 

supplying electricity using a power supply; and 
monitoring a\ least one electrical condition of the power supply 
using a control systfem. 



192. The method according to claim 191 wherein the controlling 
comprises controlling ush\g the control system comprising a plurality of 
distributed controllers. 



193. The method according to claim 191 wherein the providing 
the at least one fuel cell comprises providing the fuel cell having a 
plurality of polymer electrolyte Wmbrane fuel cells. 

194. The method according Vo claim 191 wherein the providing 
the at least one fuel cell comprises\providing a plurality of fuel cells. 



195. The method according to Vlaim 194 further comprising 
deactivating at least one of the fuel cellsi 
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196. The method according .to claim .195 further comprising 

providing electricity to a load coupled with the terminals with the at 

\ 

least one fuel cell deactivated. 

197. Th& method according to claim 191 wherein the supplying 
comprises supplying electricity to the control system. 

198. The method according to claim 191 wherein the supplying 
comprises supplying power using the power supply comprising a battery. 

199. The method according to claim 198 further comprising: 
charging the battery; and 

controlling the charging using the control system. 

200. A method of controlling a fuel cell power system comprising: 
providing at least one fuel cell configured to convert chemical 

energy into electricity; \ 

providing a first terminal coubled with the at least one fuel cell; 

providing a second terminal coupled with the at least one fuel 
cell; and \ 

monitoring an electrical condition \of the at least one fuel cell 
using a control system. \ 
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20L The method according to claim 200 wherein the controlling 
comprises controlling using the control system comprising a plurality of 

distributed ^controllers. 

\ 

\ 

\ 

202. T'he method according to claim 200 wherein the providing 
the at least one fuel cell comprises providing the fuel cell having a 
plurality of polymer electrolyte membrane fuel cells. 

203. The method according to claim 200 wherein the providing 
the at least one fue\ cell comprises providing a plurality of fuel cells. 

204. The methocl ^according to claim 203 further comprising 
deactivating at least one W the fuel cells. 

205. The method according to claim 204 further comprising 
providing electricity to a load Voupled with the terminals with the at 
least one fuel cell deactivated. \ 

206. The method according \to claim 200 further comprising 
indicating the electrical condition using an operator interface. 



WA23-0I5.P03 A2'99Q528I128N 



92 



PAT>US\AP-00 



207\ The method according to claim 200. further comprising: 
directing air to the at least one fuel cell; and 
controlling the directing using the control system responsive to the 
monitoring. \ 

208. The method according to claim 200 further comprising 
shunting the at least one fuel cell after the monitoring. 

209. A method of controlling a fuel cell power system comprising: 
providing a plurality of fuel cells individually configured to convert 

chemical energy into electiuGity; 

providing a first terminal coupled with the fuel cells; 
providing a second terminal coupled with the fuel cells; 
supplying fuel to the fuel cells; and 
controlling the supplying using a control system. 

210. The method according t\> claim 209 wherein the controlling 
comprises controlling using the control system comprising a plurality of 
distributed controllers. \ 

211. The method according to claink 209 wherein the providing 
the fuel cells comprises providing a plurality of polymer electrolyte 
membrane fuel cells. \ 
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212. The method according to claim 209 further comprising 
deactivating at least one of the fuel cells. 

\ 

213. The method according to claim 212 further comprising 

\ 

providing electricity to a load coupled with the terminals with the at 
least one fuel c^ll deactivated. 

214. The method according to claim 209 wherein the supplying 
comprises supplying using a main valve. 

V 

215. The method\ according to claim 209 wherein the supplying 
comprises: \ 

supplying using a maiii valve; and 

supplying using a plurality of auxiliary valves. 

216. The method according to claim 215 wherein the controlling 
comprises controlling the main valve and the auxiliary valves using the 
control system. \ 
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217. A method of controlling a fuel cell power system comprising: 



providing at least one fuel cell configured to convert chemical 
energy into electricity; 



providing a first terminal coupled with the at least one fuel cell; 



providing a second terminal coupled with the at least one fuel 
cell; \ 

supplying fuel toAthe at least one fuel cell; and 
monitoring for the\ presence of fuel within a housing about the 
at least one fuel cell usiirg a control system. 

218. The method according to claim 217 wherein the controlling 
comprises controlling using the control system comprising a plurality of 
distributed controllers. V 

219. The method according to claim 217 wherein the providing 
the at least one fuel cell comprises Woviding the fuel cell having a 
plurality of polymer electrolyte membrane fuel cells. 

220. The method according to claim 217 wherein the providing 
the at least one fuel cell comprises providing, a plurality of fuel cells. 

221. The method according to claim z20 further comprising 
deactivating at least one of the fuel cells. \ 
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222. The method according to claim .221 further comprising 
providing electricity to a load coupled with the terminals with the at 

\ 

least one fuel V c^ell deactivated. 

223. The \,ethod according to claim 217 further comprising: 
coupling an oWrator interface with the control system; and 
controlling the\ operator interface using the control system to 

indicate the presence Of fuel within the housing. 



224. The method according to claim 217 further comprising: 
selectively ceasing the\supplying responsive to the monitoring; and 
controlling the ceasing ysing the control system. 

225. The method according to claim 217 wherein the monitoring 
comprises monitoring using a fuel\sensor. 



226. The method according t\ claim 225 further comprising 
heating the fuel sensor. 
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22^ A method of controlling a fuel cell power system comprising: 

providing at least one fuel cell configured to convert chemical 
energy into \electricity; 

providiirg a first terminal coupled with the at least one fuel cell; 

providing \a second terminal coupled with the at least one fuel 
cell; and \ 

monitoring a \emperature within a housing about the at least one 
fuel cell using a conirol system. 

228. The method According to claim 227 wherein the controlling 
comprises controlling using \he control system comprising a plurality of 
distributed controllers. \K 

229. The method accordingVto claim 227 wherein the providing 
the at least one fuel cell comprised providing the fuel cell having a 
plurality of polymer electrolyte membrajie fuel cells. 

230. The method according to claim 227 wherein the providing 
the at least one fuel cell comprises providing, a plurality of fuel cells. 

231. The method according to claim 230 further comprising 
deactivating at least one of the fuel cells. \ 
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232. \ The method according . to claim .231 further comprising 
providing electricity to a load coupled with the terminals with the at 

least one fuel cell deactivated. 

\ 

233. The unethod according to claim 227 further comprising 
selectively one of^ increasing and decreasing the temperature in the 
housing using an ai\^ temperature control assembly. 

234. The method according to claim 233 further comprising 
controlling the air temperature control assembly using the control system 
and responsive to the moixitaring. 

235. The method according to claim 234 wherein the controlling 
comprises controlling to maintain \the temperature in the housing within 
a predefined range. \ 

236. The method according to Vlaim 234 wherein the controlling 
comprises controlling to maintain the temperature in the housing within 
a predefined range of approximately 25 ^Celsius and 80 °Celsius. 

237. The method according to claim \227 further comprising: 
directing air to the at least one fuel cell; and 

controlling the directing using the control system and responsive 
to the monitoring. \ 
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238. The method according to claim 227 further comprising: 
inputting exterior air into the housing; and 

controlling the inputting using the control system and responsive 

» 

to the monitoring. 

\ 

\ 

\ 

239. The \ method according to claim 227 further comprising 
monitoring a temperature exterior of the housing. 

240. The method according to claim 227 wherein the monitoring 
comprises monitoring using a temperature sensor. 

241. A method of Controlling a fuel cell power system comprising: 
providing at least one fuel cell configured to convert chemical 

energy into electricity; \ 

providing a first terminal coupled with the at least one fuel cell; 

providing a second terminal coupled with the at least one fuel 
cell; \ 

shunting the at least one fueK cell; and 

controlling the shunting using a\control system. 

242. The method according to claim 241 wherein the controlling 
comprises controlling using the control system comprising a plurality of 
distributed controllers. \ 
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243\ The method according to claim 241 wherein the providing 

the at least one fuel cell comprises providing the fuel cell having a 

\ 
\ 

\ 

plurality of j^plymer electrolyte membrane fuel cells. 

244. The \ method according to claim 241 further comprising 
varying a period of time of the shunting using the control system. 

245. The method according to claim 241 wherein the providing 
the at least one fuel\cell comprises providing a plurality of fuel cells. 

246. The method\ according to claim 245 further comprising 
deactivating at least one of the fuel cells. 

247. The method according to claim 246 further comprising 
providing electricity to a load Voupled with the terminals with the at 
least one fuel cell deactivated. \ 

248. The method according to claim 245 further comprising 
sequentially shunting the fuel cells. \ 

249. The method according to claW 245 further comprising 
shunting individual ones of the fuel cells. \ 



WA2i-0l5.P0i A2T990528I12SS 



100 



PAT-US\AP-00 



250. The method according . to claim ,245 further comprising 
shunting the iuel cells according to a specified order. 



251. The\method according to claim 245 further comprising: 
supplying fu^l to the fuel cells; and 

ceasing the supplying to shunted fuel cells. 

252. A method of controlling a fuel cell power system comprising: 
providing at least \>ne fuel cell configured to convert chemical 

energy into electricity; 

providing a first terminal coupled with the at least one fuel cell; 
providing a second terminal coupled with the at least one fuel 

cell; 

switching a connection immediate one of the terminals and the at 
least one fuel cell; and 

controlling the switching using a\ control system. 

253. The method according to claif^i 252 wherein the controlling 
comprises controlling using the control syste\n comprising a plurality of 
distributed controllers. 

254. The method according to claim 252 Were in the providing 
the at least one fuel cell comprises providing they fuel cell having a 
plurality of polymer electrolyte membrane fuel cells. 
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V 255. The method according to claim 252 wherein the providing 
the at least one fuel cell comprises providing a plurality of fuel cells. 

256A The method according to claim 255 further comprising 
deactivating Nat least one of the fuel cells. 

257. TheN method according to claim 256 further comprising 
providing electricity to a load coupled with the terminals with the at 
least one fuel cell ideactivated. 

V 

258. The method according to claim 252 further comprising 
monitoring a temperatureXwithin a housing about the at least one fuel 
cell and the controlling is responsive to the monitoring. 

259. A method of operating a fuel cell power system comprising: 
initiating a start-up procedure; 

monitoring the temperature within a housing containing at least 
one fuel cell; X 

selectively adjusting the temperature within the housing using a 
modifying element responsive to the monitoring; and 

coupling a power bus with a teWinal responsive to the 
monitoring. \ 



WA2S-015.P0} A2'990S28U28N 



102 



PAT-US\AP~0O 



260. Vhe method according to claim 259 further comprising 
monitoring for\the presence of fuel. 

261. The niethod according to claim 259 further comprising: 
shunting the at least one fuel cell according to a duty cycle; and 
selectively settifag the duty cycle to maximum. 



262. The method\ according to claim 259 wherein the adjusting 
comprises heating using\ the modifying element to increase the 
temperature. 



>> 
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